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COMPOSITE MATERIALS USEFUL IN THE PROTECTION 
OF AIRCRAFT STRUCTURES 

The present invention relates to composite materials 
useful in the protection of aircraft structures from the 
effects of explosions. 

There have been a sufficient number of aircraft 

5 bombings, suspected bombings and foiled bombings 

recently for there to be dawning in the consciousness of 
those who travel frequently by air the worry that their 
lives may soon be more at risk from deliberate damage to, 
as opposed to accidental failure of, the complex 

10 structures in which they travel. 

The precise sequence of events following the 
detonation of a bomb on board an aircraft depends upon 
the location of the bomb and the size and design of the 
aircraft. However, certain features are common to most 

15 events which have been investigated. 

It has been observed that aircraft can survive the 
detonation of bombs on board, provided certain features 
are present. A bomb placed near the outer skin of the 
aircraft will, most probably, blow a hole in the skin and 

20 cause explosive decompression. However, it has often 
been the case that the aircraft can still land normally. 
The same seems to be the case even for bombs which 
have exploded in the luggage compartments of the older 
types of aircraft. Luggage in these aircraft is contained 

25 in cargo nets, rather than the standard international 
luggage containers that the more modem wide-bodied 



SUBSTITUTE SHEET 



wo 91/07275 



PCr/GB90/01723 



- 2 - 

aircraft use. Indeed, the accepted minimum risk position 
for a bomb discovered on board any type of aircraft is to 
place it by a door, with the interior side of the bomb 
tamped with cushions. The reason for choosing this 

5 position is because of the high survivability rate observed 
in cases of bombs planted against the aircraft hull in 
regions to which passengers or cleaning staff have 
access, which rarely destroy vital electronics or hydraulic 

10 systems and do not always damage significant load-bearing 
members so as to weaken the overall structiu*e and 
because of recent cases of aircraft surviving massive 
losses of skin around regularly shaped fatigue failures in 
the hull. 

15 However, in cases where the bomb is placed in a 

position not adjacent to the outer skin, severe, often 
fatal, damage can be caused. 

Passenger cabin floors are relatively light 
structures laid on load-bearing beams. These floor beams 

20 may be tension load carriers as in the case of Boeing 
747s, because of the non-circular nature of the aircraft 
cross-section. It is thus very possible for a bomb to 
damage the floor beams and, as a result, load the aircraft 
skin remotely from the site of the explosion asymmetrically 

25 both before and after the hull is breached by the bomb. 
Blast may also travel significant distances by different 
routes within the hollow and open channels in the aircraft 
structure to meet at points well removed from the site of 
the bomb to cause skin and stringer rupture at several 

30 locations on the aircraft skin. Blast may also emerge into 
the relatively large free space of the passenger cabin 
and, because of the presence of rigid and substantial 
structures such as galleys or toilets, reflect on to the 

35 inside of the aircraft skin remote from the site of the 
bomb and cause unexpected damage there. 
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Blast emerging from the aircraft skin at» and remote from 
the site of the bomb» tends to tear irregularly shaped 
holes (as opposed to the cases of the more regular skin 
failure due to fatigue or, say, loss of a hold door). 

5 Regularly shaped holes are less often associated with 

catastrophic failure of the aircraft than irregularly shaped 
ones. Irregular holes tend to suffer enlarging and 
further skin damage due to the outrush of cabin air and 
slipstream effects. 

10 It is possible that some modem wide-bodied aircraft 

may be more vulnerable to bombs of a size similar to 
those that have not always caused crashes of smaller 
aircraft. One theory is that, since the wide-bodied 
aircraft employ a skin sheeting alloy which is only 

15 slightly thicker than that used in very much smaller 

aircraft, the latter are much stiffer structures than the 
former ones. Consequently, the smaller ones can 
withstand greater relative damage to their skin and 
stringers than the larger ones. 

20 The purpose of the present invention is to reduce 

the risk of failure of an aircraft structure caused by the 
detonation of a bomb or other explosive device thereon by 
providing a novel material designed to resist, attenuate 
and contain the effects of an explosion within the cargo 

25 hold of the aircraft. 

According to the present invention there is 
provided a composite material useful in the absorption of 
blast and fragments produced by an explosion which 
composite material comprises a laminate formed of one or 

30 more layers of lightweight foamed or cellular material 
sandwiched between layers of tough lightweight impact 
resistant material, the layers of impact resistant material 
having a multiplicity of holes formed therethrough. 
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The material according to the present invention 
preferably comprises a miitary structure (rather than 

independently spaced layers. i 
The bubbles or cells of the foamed or cellular 
5 material together with the holes of the impact resistant 

material form a multiplicity of air paths through which air 

and blast pressure can be vented. If the material 

according to the present invention is subjected on one 

side to the hot, rapidly moving compressed gases in a 
10 blast wave the size and number of the air paths will 

attenuate the blast wave so that the pressure versus time 

characteristic of the blast is converted from a narrow 

pulse of very high intensity to a wider pulse of lower 

intensity. 

15 The foamed or cellular material is preferably a 

material which is substantially rigid under moderate 

pressure but is crushable under high pressure (eg. 

associated with a blast wave). It may alternatively be a 

material whose shape has an elastic memory so that when 
20 the material is con4>ressed it has energy to perform work 

against the blast to restore its shape. 

The use of plastics which decompose to give toxic 

products is preferably avoided so that any fireball 

associated with the blast does not release such products 
25 from the conqmsite material into the atmosphere of the 

aircraft. 

Preferably, the density of the foamed or cellular 

3 3 

material is in the range 0.05 to 0.35 x 10 kg per m . 
The average foam bubble or cell size is preferably in the 
30 range 0.01mm to 2mm and is produced by a process in 
which the bubble or cell size is capable of being 
controlled and reproduced. 

The foamed or cellular material may for example be 
an open or closed cell foam, eg. made of an organic or 
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inorganic material such as polyethersulphone, foamed 
silica, foamed mica and the like. 

The foamed or cellular material may itself be 
contained in the cells of a rigid cellular, eg. honeycomb 
5 material. 

The lightweight impact resistant material of the said 
layers is desirably a rigid material imparting structural 
strength to the composite material. The material may be 
a layer of solid lightweight material, eg. a lightweight 

10 metal and/or fibre reinforced composite layer, having 
holes formed therethrough. Alternatively, the material 
may be a layer of a lightweight metal and/or composite 
layer which is manufactured as a multi-tubular or 
multicellular structiure. For example, such material may 

15 comprise a reticulated or honeycomb structure. It may be 
made of a lightweight metal (eg. aluminiimi or alimiinium 
alloy eg.25um to 100 um thick and/or fibre reinforced 
composite material. Honeycomb of fibre reinforced 
composite material may be made for example by the method 

20 described in UK Patent Application No.GB 2058661 B. 
Preferably the cells, eg. honeycomb, cells in such a 
structure have an average diameter between opposite 
sides of from 5mm to 20mm. 

Where the impact resistant material comprises a 

25 multitubular, reticulated or honeycomb structure the 
cellular walls of the structure preferably have holes 
formed therethrough so that air and other gases in a 
blast can diffuse laterally throughout the structure. 
Preferably, the positions of transverse holes 

30 through adjacent layers of the impact resistant material 
are staggered relative to one another especially in the 
case where the holes are formed from a solid sheet or 
layer of impact resistant material whereby the path length 
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for gas to travel through the transverse holes of the 
layered structure is enhanced, preferably maximised. For 
example, a multilayer structure may be formed from 
impact resistant material having two different hole 

5 patterns therethrough, the patterns of the two types 
appearing alternately in adjacent layers. 

The impact resistant materled may for example 
comprise an impervious, fire resistant fibre-reinforced 
composite, for exanQ>le a thermosetting or thermoplastic 

10 polymeric matrix material reinforced with fibres selected 

from glass, carbon, polyamide, polyeolefin, polyaramid 

and the like or blends thereof. 

Preferably, the density of the impact resistant 

3 3 

material is less than 2 x 10 kg per m , desirably less 

3 3 
15 than 1 x 10 kg per m • 

The fibres employed to provide a fibre-reinforced 

comi>osite may be woven or unwoven, short or elongated 

fibres. They may be deposited randomly in the matrix or in 

a uniform pattern. However, the mechanical properties of 

20 the resultant sheet employed to provide each layer 
preferably (although not essentially) are substantially 
uniform in each direction along its surface. 

Glass fibre reinforced epoxy resin provides a suitable 
thermosetting composite material for the layers of impact 

25 resistant material where these are provided from solid 
layers. Layers of this material having a thickness of 
from 0.5mm to 5mm, eg. from 1 to 2mm are especially 
suitable. Another preferred material comprises a suitable 
known thermoplastic elastomer laminate eg. formed from 

30 polyethersulphone containing layer(s) embedding 
pol3^ramid fibres. 

The said holes where formed through layers of 
impact resistant material may be from 0.2 to 5mm, eg. 
0.5mm to 2mm diameter. Such holes are preferably 
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cylindriccil and of circular cross-section but they could 
also have other shapes and have a cross-section which 
varies through the layer. The holes may be formed by 
any convenient process, eg. by punching or pressing 

5 layers containing no holes or by moulding a composite 
around pins or other projections which may be removed 
from the composite when moulded. Preferably between 
30% and 70%, eg. about 50% of the surface area of the 
layer of impact resistant material is formed of solid 

10 material (the holes forming the remainder of the surface 
area). 

The holes or cells of the impact resistant layer may 
themselves be filled partially or wholly with a lightweight 
formed or cellular polymeric material. 

15 The interface between adjacent layers of foamed or 

cellularpolymeric material and of impact resistant material 
or between adjacent layers of impact resistant material 
may be lined with a frangible sheet eg. of metallic 
material, for example aluminium or aluminium alloy foil, 

20 eg. 20 to 100 micrometres thick. Such foil may be 

included only at selected interfaces, eg. only adjacent to 
the first two or three foamed or cellular layers adjacent 
to that surface of the multilayer structure which will be 
subjected initially to blast pressure. The likelihood of 

25 blast pressure shearing the metallic layers at interfaces 
between layers more distant from the initially subjected 
surface is thereafter considerably reduced. 

Preferably the surface of the composite material 
which will be subjected to blast does not include 

30 aluminium, any aliuniniimi being separated therefrom by 
other, preferably fire-resistant material. 

The material according to the present invention may 
include one or more optional layers of a fire-resistant 
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unreinforced plastics sheet, eg. from 0.5mm to 1.5mm 
thick, with holes formed therethrough so that between 30 
per cent and 70 i>er cent of the surface area of the sheet 
is occupied by the openings of the holes. The hole sizes 

5 may vary throughout the sheet eg. in a range of hole 
diameters from between 5mm and 0.1mm, eg. between 1 
and 5mm at the upper end to between 0.1 and 0,5mm at 
the lower end, the number of holes for eadti size 
increasing as the size decreases. Such ^eets may for 

10 example be made of a tough thermoplastic material such as 
polycarbonate, pblyethersuphone^ i>oIyester or PEEK. 
Such sheets may be provided between the layers of impact 
resistant material and the cellular or foamed material. 

The surface of coix4>osite material according to the 

15 present invention which is to be subjected to blast (in 
the event of an incident) may be formed of one of the 
said perforated plastics sheets. 

Where the composite material includes perforated 
flexible plastics sheets such sheets may be bonded to 

20 adjacent layers of foamed or cellular material and impact 
resistant material at a relatively small number of bonding 
sites so that resistance to airflow through the structure 
is minimised. For example the total surface area of the 
bonding sites may be less than one tenth of the surface 

25 area of the plastics sheet (including holes formed 
therethrough). 

The individual layers incorporated in the composite 
material according to the present invention may be bonded 
together by various of the techniques or processes well 

30 known in the composites art which may be performed 

without substantial compression of the foamed or cellular 
layers. For example, layers may be bonded by bonding 
agents such as thermosetting, eg. epoxy, or cold setting, 
eg. polyester resins or by light thermal bonding. 
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structures formed from composite material according 
to the present invention may be further strengthened by 
overwinding the multilayers In a known manner with 
strengthening fibres eg. of carbon and/or polyaramid 
embedded in a suitable bonding resin. 

The composite material according to the present 
invention provides a suitable novel structural and/or 
reinforcement material for the walls of a luggage or cargo 
container suitable for storing (together with a plurality of 
other similar containers) on an aircraft, eg. a commercial 
airliner. A particularly preferred form of such a luggage 
container is the subject of a copending International 
Patent Application of even date (based upon UK Patent 
Application No.8925193) by the present applicants. 
Suitable shapes to form a luggage container or part of the 
structure thereof may be formed by known lay-up 
techniques eg. using preformed structures. Joints 
between structures are preferably staggered in position to 
enhance or maximise the shear surface between layers. 

The composite material according to the present 

ft 

Invention may also be used to protect the inner surfaces, 
particularly the ceiling and floor, of a cargo hold ( in 
which luggage containers are stored) in an aircraft. 

The principle of use of the material according to 
the invention is that any explosion in the cargo hold is 
preferably contained by the material in the region of the 
hold desirably in the luggage container from which the 
blast emanates. Any blast allowed to leave the luggage 
container is directed in one of the ways described in the 
aforementioned International /^plication. 

Although in5)act resistant composite materials are 
known in the prior art such materials have been designed 
for purposes different from that for which the present 
invention has been produced and consequently are not 
suitable for the applications described herein. 
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For example UK Patent No. 1,534,721 describes a 
lightweight composite material providing resistance to 
bullets and shrapnel. However, such material is 
essentially for use a flexible lightweight armour and does 

5 not contemplate use of holes therethrough to vent high 
pressure gases. 

US Patent No. 4,404,889 describes a composite 
material for use in a tank armour which is resistant to 
the formation of metallic fragments. Such a composite is 

10 not designed to be lightweight and again does not have 
holes for venting high pressure gases. 

On the other hand US Patent Nos. 4,347,796, 
4,325,309 and 4,389,947 describe multilayer structures 
having holes formed through the layers to permit venting 

15 of high pressure gases in a blast. However, such 

structures are for applications of much greater scale, eg. 
buildings, where the risk of an explosion is very great 
because of the deliberate storage for exany>le of energetic 
and ei^losive material used in ammunition in the building 

20 and the mass of the protection is not thought to be 

important. Consequently, the materials employed which 
are heavy steels and the like and the way in which the 
materials are employed together, eg. with substantial air 
gaps between layers, make the arrangements of such 

25 materials quite imsuitable for the applications with which 
the present invention is concerned. The art with which 
such materials are concerned, ie. building design is also 
much different from that of the design of flexible 
lightweight body armour. 

30 Thus, the present invention unexpectedly and 

beneficially solves the problem, hitherto unconsidered, of 
providing materials whose application is specifically to 
protect an aircraft from a bomb or other exploding device 
contained in a luggage or cargo container on board the 

35 aircraft. 
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By way of illustration, the composite material 
according to the present invention and co^^)rising 
alternate layers of impact resistant and foamed or cellular 
materials fimctions in the following manner to 
resist/absorb the blast from an explosion, eg. from a 
bomb. Approximately half of the impacting area of the 
blast wave strikes the surface of the nearest layer of 
impact resistant material and is reflected there (given a 
layer in which 50 per cent of the surface area of solid 
material remains after formation of the holes therein). 

The remainder of the blast wave passes through the 
holes in that layer to compress the foamed or cellular 
material present after the impact resistant material the 
intensity of the wave being attenuated by the work done 
to compress the foamed or cellular material. Any optional 
metallic material between the layers will be sheared and 
forced into the foamed and cellular material, thereby 
assistmg the arrest of the blast wave front. The blast 
wave then either reflects from the next surface of impact 
resistant material and is forced to pass back through the 
foamed or cellular material it has already traversed or it 
finds other offset holes in the next impact resistant layer 
and a similar process restarts. Small high velocity 
fragments will also be absorbed by the various layers of 
material, especially the impact resistant layers. Any 
fireball incident upon the structure is arrested by one or 
more fire resistant layers in the structure , eg. fire 
resistant plastics material, provided as the first layer in 
the structure and/or fire resistant plastics material in the 
impact resistant material. 

Embodiments of the present invention will now be 
described by way of exanq)le with reference to the 
accompanying drawings in which: 
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Figure 1 is a cross-sectional end elevation of a 
laminar composite material embodying the present 
invention. 

Figure 2 is a perspective view of part of an 

5 alternative laminate composite material embodying the 
present invention. 

Figure 3 is a cross-sectional end elevation of a 
further alternative laminate material enibodying the 
present invention. 

10 The composite material shown in Figure 1 comprises 

layers 3 of a rigid, reticulated plastics foam typically 3mn 
thick, alternating with layers 5 typically 1mm thick of a 
glass-fibre reinforced plastics material, eg. epoxy resin, 
each having a multiplicily of holes 7 of average diameter 

15 1mm therethrough. The holes 7 in adjacent layers 5 are 
offset relative to one another so that the shortest path 
length between any one pair of holes 7 in adjacent layers 
5 is maximised. 

The outer layers of the laminate are formed by 

20 layers 5 and these outer layers may be slightly thicker, 
than the layers 5 inside the laminate, eg. 1.5mm thick. 

Layei^ of aluminium foil are deposited at the first 
six interfaces between layers 5 and 7 nearest the outer 
surface labelled S which in use will be the surface upon 

25 which any blast to be absorbed by the material will first 
be incident. 

The various layers of the composite material shown 
in Figure 1 are bonded together eg. by an epoxy resin 
adhesive (not shown) or in one of the other known waj^ 
30 mentioned above. 

The composite material shown in Figure 2 comprises 
layers 11 of non-flammable foamed plastics material 
alternating between aluminium or aluminimn alloy 
honeycomb layers 13. The layers 13 contain 



SUBSTITUTE SHEET 



wo 91/07275 



PCr/GB90/01723 



- 13 - 



non-flammable foamed plastics material 16 In the cells 14 
of the honeycombs. The foamed plastics material in the 
layers 11 and 13 may be the same material typically 5 



lllll 



to ISmm thick having a density of from O.OSmm to 0.35 x 
3 3 

10 kg per m . The foam bubble size is between 0,01 



lllll 



lllll 



and 2] 

The aluminium or aluminium alloy from which the 
honeycomb is formed may for example have a thickness of 
from 38 to 76 micrometres. It is perforated with holes of 

10 diameter between 0.5 and 1.5mm to no more than 50 per 
cent of its surface area. 

Layers 15 of (unreinforced) fire-resistant plastics 
sheet are provided at the inner surface of the laminate 
(that which will be e2qx>sed to any blast) and interfaces 

15 between the layers 11 and 13. The layers 15 are 
perforated with holes formed randomly of different 
diameter so that the area of plastics material remaining is 
not less than 50 per cent of the surface area of the 
sheet. The holes vary in size from about 0.5mm to Smm. 

20 The number of holes of each size is roughly in inverse 
proportion to the size of the holes. 

The various layers 11, 13 and 15 of the laminate 
shown in Figure 2 are bonded together by one of the 
methods described above. 

25 In an alternative embodiment (not shown), one or 

more of the honeycomb layers in the laminate shown in 
Figure 2 is substituted by a perforated non-honeycomb 
layer, eg. layers similar to the layers 5 in Figure 1. 

The laminated material which is shown in Figure 3 

30 comprises aluminiim[i/aluminium alloy honeycomb layers 21 
eg. made of Type 3003 All alloy foils 38 to 76 micrometres 
thick to BS 1470, filled with a rigid or con5>ressible 
non-inflammable plastics foam 23, the filled layers 21 
themselves being contained between sandwiches 25, 27 
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each comprising alternate layers of aluminium or aluminium 
alloy and a high strength, high modulus fibre reinforced 
composite, eg. polyaramid and/or carbon fibre reinforced 
polymeric material eg, polyethersulphone the sandwiches 

5 25, 27 having holes 29 formed therethrough. As shown 
in Figure 3, one of the sandwiches 25 is formed of fibre 
reinforced composite/aluminium/fibre reinforced composite 
layers and the other sandwich 27 is formed of 
aluminium/fibre reinforced composite/alimiinium layers 

10 although these two sandwiches may be optionally 
interchanged or one substituted for the other. 

Preferably the plastics foam in the material shown 
in Figure 3 has a cellular structure having cells of from 
O.lmm to 2mm average size, the average thickness of the 

15 foam layers being lOmm to 55mm. The honeycomb cells 
have a diameter (side to side measurement) of from 5mm 
to 20mm, eg. I^ically 10mm. 
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CLAIMS 



1. A composite material useful in the absorption 
of blast and fragments produced by an explosion 
which composite material conqprises a laminate formed 
of one or more layers of lightweight foamed or 
cellular material sandwiched between layers of tough 
lightweight impact resistant material, the layers of 
impact resistant material having a multiplicity of 
holes formed therethrough. 

2. A composite material as claimed in Claim 1 and 
wherein the lightweight impact resistant material 
comprises one or more layers of fibre reinforced 
composite material having holes formed 
therethrough. 

3. A composite material according to Claim 2 and 
which includes a plurality of perforated fibre 
reinforced composite layers and wherein the 
positions of holes through adjacent layers of the 
impact resistant material are staggered relative to 
one another whereby the path length for gas to 
travel through the holes of the layered structure is 
enhamced. 

4. A composite material according to Claim 3 and 
wherein the material comprises a multilayer 
structure formed from impact resistant material 
having two different hole patterns therethrough, 
the patterns of the two types appearing alternately 
in adjacent layers. 
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5. A composite material according to any one 
preceding claim and wherein the impact resistant 
material comprises an in^rvious» fire resistant 
fibre-reinforced con^>osite comprising a 
thermosetting or thermoplastic polymeric matrix 
material reinforced with fibres selected from glass, 
carbon, polyamide, polyeolef in, polyaramid or 
blends thereof. 

6. A composite material according to any one of 
Claims 1 to 5 and wherein holes in the impact 
resistant material are from 0.2 to 5mm in diameter. 

7. A composite material according to any one of 
Claims 1 to 6 and wherein between 30 per cent and 
70 per cent of the surface area of each layer of 
impact resistant material is formed of solid material, 
the holes forming the remainder of the surface 
area. 

8. A composite material according to any of Claims 
1 to 7 and wherein the interface between adjacent 
layers of foamed or cellular polymeric material and 
of impact resistant material or between adjacent 
layers of impact resistant material are lined with a 
frangible sheet. 

9. A composite material according to Claim 8 and 
wherein the said frangible sheets are of alimtiinium 
or aluminium alloy foil, 20 to 100 micrometres thick. 

10. A composite material according to Claim 1 and 
wherein the impact resistant material comprises 
layers of a multitubular, reticulated or honeycomb 
structure. 
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11. A composite material as claimed in Claim 10 and 
wherein the cellular walls of the multitubular, 
reticulated or honeycomb structure are perforated 

to an extent of not more than 50 per cent of the 
surface area of such walls. 

12. A con9)osite material according to any one of 
the preceding claims and wherein the material 
includes layers of perforated fire-resistant plastics 
material. 

13. A material according to Claim 12 and wherein 
the holes formed through the layers of plastics 
material have various sizes in the range between 
0.1mm to 5mm the number of different sized holes 
present increasing as the size decreases. 

14. A material according to any one of the 
preceding claims and wherein the foamed or cellular 

material has a density in the inclusive ranee 0.05 to 
3 3 

0.35 X 10 kg per m and an average foam or 
bubble size in the inclusive range 0.01mm to 2mm. 

15. A material according to any one of the 
preceding cladms and wherein the holes or cells of 
the impact resistant material are partially or wholly 
filled with lightweight foamed or cellular material. 

16. The use of a material according to any one of 
the preceding claims to form or reinforce the walls 
of an aircraft luggage container. 

17. The use of a material according to any one of 
Claims 1 to 15 to form or reinforce the ceiling and 
floor of an aircraft luggage or cargo hold. 
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